.. Radiation-induced reactions of the a-amino acids in the uncombined form have been studied quite extensively both in aqueous solution and in the solid state (1) . Similar attention has been given to the radiation chemistry of certain peptide forms of these amino acids such as the N-acyl and polyamino acid derivatives (1, 2) . However, no systematic and detailed radiation-chemical study of the peptide series has been made over a range of molecular weight.
We have undertaken such a study and in the present paper we examine the radiation chemistry of the simplest member of this series viz. glycylglycine (n=o). Work described here is confined to oxygen-free systems. The radiation chemistry of glycylglycine in oxygenated solution has been described in an earlier paper (3) . 1 Work performed under the auspices of the U. S. Atomic Energy Commission. is complete in three hours. For total ammonia (f'ree plus amide), a second sample was placed in a diffusion cell and made 2N in NaOH; under these condi-· tions the amide hydrolysis and ammonia transfer is complete in 24 hours.
A series of control runs established that the above procedures are adequate f'or the separate determination of free ammonia and amide ammonia when the latter represents the minor component as is the case in the present system. acid. The N-acetylglycine in the residue was identified and qualitatively estimated through application of the techniques of filter-paper chromatography (6) .
The quantitative determination of N-acetylglycine was based on measurements of free acetic acid released on hydrolysis of the product in dilute H 2 so 4 . The acetic acid assay techniques used were identical to those employed in the determination of free acetic acid as an initial product (see above).
All other products were determined after hydrolysis in 2N HCl at 95°C for 24 hours.
The carbonyl products (glyoxylic acid and formaldehyde). in the hydrolyzate were identified through filter-paper chromatography (7). The quantitative determinations of glyoxylic acid and formaldehyde were made after the
methods of Friedmann and Haugen (8) and of Johnson and Scholes (9) with the modifications introduced by Sokol.
In the determinations of glycolic acid, succinic acid, aspartic acid, and diaminosuccinic acid the hydrolyzate was lyophilized to dryness prior to assa:y.
In the measurement of glycolic acid the residue was redissolved in a minimum volume of water and assayed calorimetrically, using the techniques and Table I with the exception of the diaminosuccinic acid were reproducible to within ±5 percent. The reproducibility of the diaminosuccinic acid yields from the aqueous systems is in the order of ±10 percent. Yields of diaminosuccinic acid product from the solid system could not be determined with any satisfactory reproducibility.
We have found no acceptable explanation for this peculiar finding; further work is in progress. 
Studies (17, 18) of the errects of added second-solutes on G(NH 3 ) values from glycylglycine in oxygen-free solution indicated that the hydrated electron, eaq' reacts essentially quantitatively with the glycylglycine zwitterion via (2) and that OH is removed via
The recent pulse-radiolysis studies of Simic and Hayen (19) ' and the ESR studies of Sevilla (20) are consistent with the assignments formulated in equations 2,3.
The reductive deamination reaction 2 is analogous to that observed in earlier studies of the radiation chemistry of the free a-amino acids in oxygen-free solution (21, 22) .
We have now completed a detailed chemical study of final products formed in the y-radiolysis of glycylglycine in oxygen-free solution and the results are summarized in columns 1,2 Table I The dehydropeptide derivatives formed in reactions 4,5 are labile and yield amide and carbonyl products
Consistent with this ve find that carbonyl yield in .05M glycylglycine solution corresponds to G :: 0.6.
In the dilute glycylglycine solutions there appear to be two major paths
for removal of the CH 2 CONHCH 2 COO-radicals £ormed in the reductive deamination reaction 2. These are The chemistry of reactions 1-10 appears then to satisfactorily account for the product stoichiometries observed in the y-radiolysis of glycylglycine in dilute oxygen-free solution.
Concentrated aqueous solution
On increasing the glycylglycine concentration from .05M to 1M, we find that the yield of free ammonia increases from 2.8 to 3.8. This increase is accompanied by a corresponding increase in the combined yields of acetylglycine and aspartic acid which products are derived from the CH 2
CONHCH 2 coo-radical •
The evidence is that the yield of the reductive dea.mination reaction 2 increases with· increasing glycylglycine concentration in qualitative accord with the carbonyl yield corresponds to 6G : 0.36, whereas, the increase in the amide yield approximates 6G : 0. 9. We have not been able to explain this "excess"
.. , :
,,..,
amide yield of l'.G:: 0.5 simply in terms of chemistry arising from the radiationinduced step as defined by equation 1. We note in this regard that in our earlier radiolysis studies (25, 26) of the N-acetylamino acids in oxygen-free aqueous solution, we obtained evidence for involvement of excited-molecule reactions at the higher peptide concentrations •. At the present time, it is not clear whether excited states of solutes in concentrated solution arise from interactions of solute with sub-excitation electrons: RH + e----> RH* + e- (27) or through charge-transfer reactions:
RH + H 2 o+---> RH+ + H 2 0, RH+ + e ---> RH* (28) . However, the main point here is that such excited states of the peptide bond can lead to chemical change. Two major over-all reaction stoichiometries were identified in concentrated solutions of the N-acetylamino acids (25, 26) . For the case of glycylglycine, the analogous stoichiometries would correspond to
If chemistry of type 11 were important in the production of the-"excess" amide in ·the concentrated glycylglycine solution, we should observe both glycine amide and free acetic acid as products of the radiolysis. However, as shown in Table 1 the yield of free acetic acid from 1M glycylglycine corresponds to G ~ 0.1. We conclude that reaction of type 11 is of negligible importance in this particular system. Reaction 12 mey be envisaged as a simple rearrangement of the peptide bond to give the imino ester derivative
Hydrolysis o~ the rearrangement product o~ reaction 12 yields ammonia and glycolic acid (13} \-le find in Table I that glycolic acid is indeed produced in the 1M solution with G : 0.5 as measured ~ter hydrolysis. (In the .05M solution, the yield corresponds toG: 0.1.} The ammonia derived from reaction 13 would be amidelike in that acid or base hydrolysis is required to liberate £ree ammonia from the imino ester derivative. We conclude that reaction o£ type 12 represents a principal source of the "excess" amide ammonia produced in the concentrated solution.
Solid state
As shown in Table I , we £ind that acetylglycine and ammonia are also formed as major products in the radiolysis o~ glycylglycine in the solid state.
In fact, the specific yields o~ these products ~rom solid glycylglycine and from the concentrated glycylglycine solution are remarkably similar. We have (14} (15) ~imilar reductive deamination reactions involving electrons in aqueous and solid a-amino acid systems are discussed in re£erence 1. 
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